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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the so-called rough feel of images by 
improving a visual angle characteristic and preventing alignment abnormality. 
SOLUTION: This liquid crystal display device of a perpendicular alignment system is 
provided with a liquid crystal layer 40 having perpendicularly aligned liquid crystal 
molecules between display electrodes 19 and counter electrodes 31 formed in a 
plurality and controls the alignment of the liquid crystal molecules by electric fields. 
The display electrodes 19 are provided with alignment control windows. The distances 
between the display electrodes 19 and/or the widths of the alignment control windows 
are so selected as to satisfy Wp>d/2 and/or Ws>d/2 when the distances between the 
display electrodes 19 and the counter electrodes 31 are defined as (d), the distances 
between the display electrodes 19 as Wp and the widths of the alignment control 
windows 32 as Ws. 
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A. Relevance of the Above - identified Document 

This document has relevance to Claims 1, 3, 1, 42, 
43, 47, 48, 72, 74, 78 and 80 of the present 
application . 

B . Translation of the Relevant Passages of the Document 

[0013] 

[EMBODIMENTS] 

In Figures. 1 and 2, shown is a unit pixel 
structure of a liquid crystal display apparatus in 
accordance with an embodiment of the present invention. 
Figure 1 is a plan view, while Figure 2 is a sectional 
view taken on line A - A shown in Figure 1. On a 
substrate (10) , formed is a gate electrode (11) made of 
metals such as Cr, Ta and Mo. A gate insulating film 
(12) , which is made of SiNx and/or Si0 2 and the like, is 
formed so as to cover the gate electrode (11). On the 
gate insulating film (12), p-Si (13) is formed, the p- 
Si (13) uses an injection stopper (14) made of Si02 and 
the like and is patterned in a shape of the gate 
electrode (11) so as to form a (N-) low concentration 
(Lightly doped) region (LD) , which contains in a low 
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concentration impurities such as phosphorus and 
arsenic, (N+) source, which contains in high 
concentration the impurities, and a source and a drain 
regions (S, D) . The (N+) source and the drain regions 

(S, D) are located outside of the (N-) low 
concentration region (LC) . Right below the injection 
stopper (14), there is a pure layer having no impurity, 
substantially. The pure layer is a channel region (CH) . 
An interlayer insulating film (15) is formed from SiNx 
and the like, so as to cover the p-Si (13) . On the 
interlayer insulating film (15) , a source electrode 

(16) and a drain electrode (17) are formed from Al , Mo, 
and the like. Via contact holes made in the interlayer 
insulating film (15), the source electrode (16) and the 
drain electrode (17) are connected to the source region 

(S) and the drain region (D) , respectively. On a whole 
surface covering the TFT, a flattening insulating film 

(18) , made of SOG (Spin on Glass) , BPSG (Boro-PH- 
Osphosilicate Glass), acrylic resins and the like. On 
the flattening insulating film (18) , formed is a 
display electrode (19) for driving the liquid crystal. 
The display electrode (19) is made of a transparent 
electric conductive film, such as INTO (Indium tin 
oxide) , and is connected with the source electrode (16) 
via a contact hole opened in the flattening insulating 
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film (18) . 

[0014] 

On a whole surface covering those, formed is an 
alignment film (20) made of a high-molecular film such 
as polyimide . On the other hand, a common electrode 
(31) , which is formed wholly with the ITO, is formed on 
the other glass substrate (30) that is disposed in a 
position opposite to the substrate (10) . The substrates 
(10) and (30) sandwich the liquid crystal layer. On the 
common electrode (31), an alignment film (33), such as 
polyimide, is formed. In the present invention, the 
alignment films (20) and (33), and the liquid crystal 
(40) , which have vertical liquid molecules (41) , are 
chosen . 

[0015] 

Furthermore, on side of the common electrode (31) , 
where faces the display electrodes (19) , an alignment 
control window (50) , which is prepared by jointing Y- 
shaped slit in vertical symmetry. On the liquid crystal 
molecules (41) right below the alignment control 
window, an electric filed, which is great enough to 
incline, is not applied, thus, the liquid crystal 
molecules (41) are vertically aligned. But, around the 
liquid crystal molecules (41) , an electric field, as 
shown by a broken line in Figure 2, is generated. Thus, 
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the liquid crystal molecules (41) are controlled to 
align so that their long axes are along a direction 
right-angled to the electric filed. Similarly, the 
liquid crystal molecules (41) are controlled to align 
so that their long axes are along a direction right- 
angled to the electric filed, on an edge of the display 
electrode (19). Thus, inclination of the liquid crystal 
molecules is passed down to an interior of the liquid 
crystal, because of the continuity of the liquid 
crystal molecules. Therefore, as indicated by an arrow 
in Figure 1, the liquid crystal molecules (41) are not 
aligned in an identical direction near the edge, but 
are aligned substantially in an identical direction in 
a center area of the display electrode (19) . This 
improves the characteristics in visual field and the 
transmittance . 
[0016] 

By the way, in order to stabilize the alignment of 
the liquid crystal molecules (41) , those values should 
be appropriately set: a display electrode interval Wp, 
which is a gap between adjoining display electrodes 
(19) , cell gap d, which is a distance between the 
display electrode (19) and the common electrode (31) , 
and a slit width Ws, which is a width of the alignment 
control window (50) of the common electrode (31). 
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